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DUAL EMITTER TRANSISTOR 
WITH ESD PROTECTION 

Background of the Invention 

[0001] TECHNICAL FIELD 

[0002] The invention relates to a method and circuit design for providing electrostatic 
discharge (ESD) protection for a circuit including a transistor. Specifically, the 
invention uses a second emitter of a dual emitter transistor to provide an alternative 
current path to safely dissipate an ESD event. 

[0003] BACKGROUND ART 

[0004] In electronic circuitry, ESD events can cause elements of circuitry to fail due to 
current overloading or reverse bias. For example, the propagation of an ESD event 
through a circuit may cause an emitter-base junction on a bipolar transistor to 
become heavily reverse biased and subsequently fail. The voltage required for failure 
is linearly proportional to the area of the emitter. Consequently, the potential for 
failure increases as circuitry, and therefore the area of the emitter, becomes smaller. 

[0005] A common circuit design facing this problem is a differential circuit. In this circuit, 
two transistors have bases coupled to different voltage pads and their emitters 
coupled together. The collectors of each transistor as well as the emitters can then be 
coupled to additional circuitry. In normal operation for radio frequency (RF) 
applications, the voltage difference between the voltage pads remains within a 
fraction of a volt. Consequently, any reverse bias on either of the transistors is 
insufficient to cause failure of the emitter-base junction. 

[0006] However, an ESD event on one voltage pad may cause a large voltage difference 
between the two voltage pads. ESD failure can occur due to the reverse or forward 
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biasing of a transistor in the differential pair relative to a power supply or to another 
pad as the grounded reference voltage. Additionally, failure can occur across the 
differential pair. For example, the transistor coupled to the voltage pad on which the 
ESD event occurs may survive the event, however, the opposite transistor can become 
reverse biased at the emitter-base junction and may fail. A similar situation arises 
when the differential circuit requires pad-to-pad ESD testing. In this instance, a 
positive or negative voltage is applied to one voltage pad while the other voltage pad 
is grounded. The failure level for this circuitry can range from 1 00 to 400 Volts for RF 
circuits, to 4,000 to 1 0,000 Volts when Complementary Metal Oxide Semiconductor 
(CMOS) technology is used. 

[0007] One potential solution is to provide ESD protection external to the differential 
circuit. However, this may adversely effect the loading capacitance, speed, linearity 
and operating point of the circuitry, coupling with the power supply, frequency 
response, circuit stability, slew rate, etc. which is unacceptable for many applications. 
Another possible solution is to make the emitter larger so that larger voltages can be 
withstood. This solution adversely effects the performance and is frequently 
unacceptable for many applications. ESD protection circuitry can also be placed on the 
functional circuit path. However, here again the extra loading and capacitance is 
unacceptable for some applications. 

[0008] Consequently, there exists a need for a method and circuit design that provide an 
alternate current path to dissipate an ESD event without adversely impacting the 
performance of the functional circuit path during normal operation. 

Brief Summary of the Invention 

[0009] SUMMARY OF THE INVENTION 

[0010] The current invention provides a method and circuit design that provides 

protection from ESD events without adversely impacting the performance of the 
functional circuit path during normal operation. 

[001 1 ] A first aspect of the invention provides a transistor comprising: a first emitter for 
providing bipolar operation; and a second emitter for providing ESD protection. 
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[001 2] A second aspect of the invention provides a method of providing ESD protection 
comprising: providing a transistor having a first emitter and a second emitter; and 
coupling the second emitter to an ESD protection circuit. 

[001 3] A third aspect of the invention provides a differential circuit comprising: a first 
transistor having a base coupled to a first voltage pad, a first emitter and a second 
emitter; and a second transistor having a base coupled to a second voltage pad, a first 
emitter coupled to the first emitter of the first transistor, and a second emitter; 
wherein the second emitter of the first transistor and the second emitter of the second 
transistor provide ESD protection. 

[001 4] The exemplary aspects of the present invention are designed to solve the 

problems herein described and other problems not discussed, which are discoverable 
by a skilled artisan. 

Brief Description of the Several Views of the Drawings 

[001 5] These and other features of this invention will be more readily understood from 
the following detailed description of the various aspects of the invention taken in 
conjunction with the accompanying drawings in which: 

[001 6] Figure 1 shows a general design of a differential circuit having ESD protection 
according to one aspect of the invention; 

[001 7] Figure 2 shows a differential circuit having ESD protection circuitry including a 
plurality of diodes according to another aspect of the invention; 

[001 8] Figure 3 shows a differential circuit having ESD protection circuitry including field 
effect transistors according to another aspect of the invention; 

[001 9] Figure 4 shows a differential circuit having ESD protection circuitry including 
disabling circuitry according to another aspect of the invention; 

[0020] Figure 5 shows a differential circuit having ESD protection circuitry including a 
path to a ground according to another aspect of the invention; and 

[0021] Figure 6 shows a differential circuit having ESD protection circuitry that is coupled 
back to the base of each transistor. 
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[0022] 



It is noted that the drawings of the invention are not to scale. The drawings are 
intended to depict only typical aspects of the invention, and therefore should not be 
considered as limiting the scope of the invention. In the drawings, like numbering 
represents like elements between the drawings. 



Detailed Description of the Invention 



[0023] 



Generally stated, the current invention provides a method and circuit design for 
adding ESD protection to a circuit having a transistor. The invention uses the second 
emitter on a dual emitter transistor to provide an alternate current path to dissipate 
an ESD event. An exemplary circuit requiring such protection is a differential circuit, 
used throughout the drawings. However, it is understood that the invention applies 




[0024] 



can further include various circuitry and is not intended to depict a complete, fully 
functional differential circuit. 



equally to various other circuit designs. Additionally, the exemplary differential circuit 



Turning to Figure 1 , a general design of a differential circuit 1 0 having ESD 



| protection according to one aspect of the invention is shown. Differential circuit 1 0 

includes two dual emitter transistors 12, 14. Emitters 1 6, 1 8 provide bipolar operation 
;3 and are coupled together and to sink node 20. The bases of transistors 12,14 are 

coupled to voltage pads 22, 30 respectively, and the respective collectors are shown 
coupled to voltage pads 24, 32. 

[0025] Each transistor 1 2, 1 4 includes a second emitter 26, 34 for providing ESD 

protection. Emitters 26, 34 are coupled to ESD protection circuits 28, 36 respectively, 
which are then coupled to voltage pads 30, 22 on the opposite side of differential 
circuit 10. Under normal operation, current may be prevented from flowing through 
ESD protection circuits 28, 36. However, ESD protection circuits 28, 36 provide an 
alternate current path to dissipate an ESD event. The current path may be limited to a 
forward bias mode of operation or current may be allowed to flow in both directions. 
The alternate current path can dissipate current to the voltage pad on the opposite 
side of the circuit (as shown), to a base of a transistor, to a ground and/or to a ground 
plane as described further below. 



[0026] 



For example, during ESD testing, a large voltage may be applied to voltage pad 22 
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while voltage pad 30 may be set to a ground. In this case, current flows through 
emitter 1 6 and continues to emitter 1 8 causing emitter 1 8 to become reverse biased 
at the emitter-base junction. If the voltage of the reverse bias is large enough, the 
emitter-base junction of emitter 1 8 may break down. To prevent this, emitter 26 
provides an alternate current path. ESD protection circuit 28 can be designed to allow 
current to pass from emitter 26 to voltage pad 30 once the voltage difference between 
voltage pads 22, 30 is above the normal range of operation for differential circuit 10 
but still below the voltage difference at which the emitter-base junction of emitter 1 8 
will break down. In this manner, emitter 26 alleviates the reverse bias at the emitter- 
base junction of emitter 1 8. ESD protection circuit 36 and emitter 34 operate in 
substantially the same manner during an ESD event at voltage pad 30 to alleviate a 
reverse bias at the emitter-base junction of emitter 1 6. ESD protection circuits 28, 36 
can each comprise an electrical connection that couples, for example, emitters 26, 34 
to voltage pads 30, 22 without any intervening circuit elements. However, ESD 
If! protection circuits 28, 36 may limit the current flow to a forward bias mode of 

operation and/or after a certain voltage threshold is met.Tuming to Figure 2, a 
differential circuit 10 having ESD protection circuits 28, 36 including a plurality of 
diodes 40A, 40B, 42A, 42B according to another aspect of the invention is shown. ESD 
protection circuit 28 comprises diodes 40A, 40B and ESD protection circuit 36 
comprises diodes 42A, 42B. Diodes 40A, 40B and 42A, 42B are arranged to allow 
current to flow from emitter 26, 34 to voltage pad 30, 22, respectively. The number of 
diodes depends on the normal operating voltage range between voltage pads 22, 30 
and the breakdown voltage of the emitter-base junction. 



pi 



m 
ft! 



[0027] 



For example, two diodes 40A, 40B, each having a voltage drop of about 0.7 volts, 
can be used in series to prevent current from flowing between emitter 26 and voltage 
pad 30 when the voltage difference between voltage pads 22, 30 is less than about 
1 .4 volts. In this case, normal operation for differential circuit 10 can have a voltage 
difference between voltage pads 22, 30 of less than about 1 .4 volts, and emitter 1 8 
has a breakdown voltage due to reverse bias higher than about 1 .4 volts. Once a 
voltage at voltage pad 22 exceeds a voltage at voltage pad 30 by about 1 A volts, ESD 
protection circuit 28 becomes forward biased, allowing current to flow from emitter 
26 to voltage pad 30. Each diode 40A, 40B, 42A, 42B can be, for example, a schottky 
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diode, a Zener diode, a Silicon-Germanium (SiGe) npn in diode connection, a varactor 
element, or a field effect transistor in diode configuration. 



[0028] Alternatively, Figure 3 shows differential circuit 10 having ESD protection circuits 
28, 36 including field effect transistors 44, 46 according to another aspect of the 
invention. In this case, ESD protection circuits 28, 36 include field effect transistors 
(FET) 44, 46, respectively. The gates of FETs 44, 46 can be set to be off during normal 
operation and can be set to be floating or on during an ESD event thereby allowing 
current to flow through ESD protection circuit 28 or 36. ESD protection circuits 28, 36 
can include a single FET 44, 46, as shown, or a plurality of FETs to add more voltage 
isolation and less capacitive coupling across differential circuit 10. FETs 44, 46 can be, 
Q for example, a metal oxide semiconductor field effect transistor (MOSFET). 

* 

jjj -- Alternatively, either FET 44, 46 can be a zero voltage threshold (VT) device that can be 

biased off during normal operation and "on" during an ESD event. FETs 44, 46 can be 
Iff triggered by a Resistor-Capacitor (RC) circuit, substrate triggered or have a grounded 

m gate to ensure that FETs 44, 46 turn on in time to prevent breakdown. FETs 44, 46 can 

4? be triggered by the same signal or independent signals. 

[0029] In addition to providing an alternate current path with an ESD protection circuit, 
W the functional circuit path can be disabled during an ESD event. Figure 4 shows a 

differential circuit 110 having ESD protection circuits 28, 36 and disabling circuits 50, 
52 according to another aspect of the invention. Disabling circuits 50, 52 are placed 
in series with emitters 16, 1 8 respectively. Disabling circuits 50, 52 can each comprise 
one or more FETs, for example, pass transistor MOSFETs. FETs 54, 56 can be placed in 
low impedance mode when power is applied to the chip and a high impedance mode 
during ESD events with no power applied. 

[0030] For example, FETs 54, 56 are placed between emitters 1 6, 1 8 respectively, and 
sink node 20. FETs 54, 56 act as resistor ballast as well as disabling circuits 50, 52. 
When a pad-to-pad ESD event occurs, the gates of the FETs float to provide a high 
impedance state. Current then flows through the appropriate ESD protection circuit 28 
or 36. 

[0031] FETs 54, 56 can be disabled by the inverse of the signal that enables FETs 44, 46. 
For example, FET 44 may be enabled by a signal the inverse of which disables FET 56. 
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A similar arrangement can operate FET 46 and FET 54. Alternatively, the same signal 
may enable both FETs 44, 46 and the inverse may disable FETs 54, 56. However, all 
FETs 44, 46, 54, 56 can also be enabled/disabled using separate signals. 

[0032] A current path to a ground or a ground plane can be provided either alternatively 
or in addition to a current path to a voltage pad. In Figure 5, a differential circuit 210 
having ESD protection circuitry including a path to a ground according to another 
aspect of the invention is shown. Differential circuit 21 0 is shown including ESD 
protection circuits 28, 36 that operate substantially the same as discussed above. In 
addition, FETs 60, 62 are coupled to emitters 26, 34 respectively, and provide current 
K paths to grounds 64, 66. 

p! [0033] In this example, FETs 60, 62 are triggered by RC circuits that are tied to voltage 

■I si 

fjj pads 22, 30 respectively. The RC circuits include capacitors 70, 72 and resistors 74, 

f |j 76 coupled in series and subsequently coupled to grounds 78, 80. The gates for FETs 

% 60, 62 are coupled between the respective capacitor 70, 72 and resistor 74, 76 pair. 

The RC circuits can be designed to filter certain pulse widths to prevent FETs 60, 62 

|3 from turning on at undesirable times. This allows FETs 60, 62 to be turned on for an 

q ESD event (generally having a narrow pulse width) while ignoring other voltage pulses, 

r - for example a chip power up (generally having a wider pulse width). 

[0034] The ESD protection circuitry can further provide an alternate current path back to 
the base of the transistor. Figure 6 shows differential circuit 310 having ESD 
protection circuits 28, 36 coupled to emitters 26, 34 and coupled back to the base of 
transistors 12, 14, respectively. As shown in Figure 6, ESD protection circuits 28, 36 
comprise a short circuit from emitters 26, 34 to voltage pads 22, 30 and the bases of 
transistors 12, 14, respectively. 

[0035] Using transistor 1 2 as an example, this configuration creates a parasitic npn 
device between collector 1 3 and emitter 26 of transistor 1 2. Current flowing in 
transistor 1 2 will flow from collector 1 3 to emitter 26 when emitter 26 is placed 
spatially closer to the base of transistor 1 2 and collector 1 3 at high current. By placing 
emitter 1 6 farther from the base of transistor 1 2 and collector 1 3, the series 
resistance of collector 1 3 makes the current preferentially flow to emitter 26 rather 
than emitter 16. The configuration of transistor 14 acts in substantially the same way. 
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[0036] The discussion uses the term "ESD event" to refer to any events that produce 
similar voltage differences across a circuit as those produced by an ESD event. The 
invention is not limited to protecting circuitry from ESD events, but applies to any 
events that may produce an abnormally large, and potentially harmful voltage 
difference across a circuit. ESD events include, for example, ESD testing, 
electromagnetic interference (EMI), electrical overstress (EOS), and other known ESD 
events including the human body model (HBM), machine model (MM) and charged 
device model (CDM) events. Additionally, the discussion uses the term "voltage pad" 
or "pad" to generically refer to a pad, a pin, etc. 

f [0037] The transistors and the elements of the ESD protection circuits described herein 
S Can be made of various technologies now known or later developed including, for 

jp example, Silicon (Si), Silicon-Germanium (SiCe), Silicon-Cermanium-Carbon (SiGeC), 

Ml Gallium-Arsenide (GaAs), Gallium-Indium-Phosphide (GalnP), Indium-Phosphide (InP), 

etc. 



[0038] The foregoing description of various aspects of the invention has been presented 
s g for purposes of illustration and description. It is not intended to be exhaustive or to 

jgv limit the invention to the precise form disclosed, and obviously, many modifications 

CI and variations are possible. Such modifications and variations that may be apparent to 

a person skilled in the art are intended to be included within the scope of the 
invention as defined by the accompanying claims. 
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